**Express Mail" Mailing Label Mn £^H\l7cH5 fc^ 




I hereby certify that this paper or fee is being 
deposited with the United States Postal Service 
^PifPess Mail Post Office to Addressee" service 
under 37 CFR 1.10 on the date indicated above 



A METHOD OF MANUFACTURING ?^^^5gWlg to the Assistant Comnri^ssioner 

for Patents, Washington, D.C. 2€231. 



1 . Field of the Invention 

The present invention relates to a semiconductor device, such as a thin film 
transistor (TFT), using a crystalline semiconductor film formed over a substrate, and 
to a method of manufacturing the same. The semiconductor device of the present 
invention includes not only elements such as a thin film transistor (TFT) or a MOS 
transistor, but also includes liquid crystal display devices, EL display devices, EC 
display devices, and image sensors having a semiconductor circuit (such as a 
microprocessor, a signal processing circuit, or a high frequency circuit) structured by 
these insulating gate type transistors. In addition, the semiconductor device of the 
present invention includes electronic equipment which is loaded with these display 
devices, such as a video camera, a digital camera, a projector, a goggle display, a car 
navigation system, a personal computer, or a portable information terminal. 

2. Description of the Related Art 

At present, thin film transistors (TFTs) are used in various kinds of integrated 
circuits as semiconductor elements which use a semiconductor film, and in particular 
are used as switching elements in a pixel region of an active matrix type liquid crystal 
display device. In addition, in accordance with the high mobility of TFTs, they are also 
used as driver circuit elements driving the pixel region. It is necessary to use a 
crystalline semiconductor film, which has a higher mobility than an amorphous 
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semiconductor film, as the semiconductor film used in the driver circuit. This 
crystalline semiconductor film is called a polycrystalline semiconductor film, a 
polysilicon film, or a microciystalline semiconductor film. 

When evaluating a TFT, the most important characteristic is reliability. Within 
5 the problem of reliability, the largest is that an alkaline metal (periodic table group 1 
element), a mobile ion, mainly sodium (Na), becomes mixed in. The mixing-in is 
detected as a phenomenon in which Na is electrified to have a positive electric charge 
and Vth changes by Na moving as an ion throughout the film, preventing the practical 
use of the TFT. The following can be given as examples of this type of impurity 
Q 10 (hereafter, impurities such as Na which cause the reliability of a TFT to drop are 
Y\ referred to as contaminating impurities throughout this specification): alkaline metals 

::; (periodic table group 1 elements) and alkaline earth metals (group 2 elements), such 

jVj as sodium (Na), potassium (K), magnesium (Mg), calcium (Ca), and barium (Ba). The 

□ reduction of these contaminating impurities is indispensable for the manufacture of 

ry 1 5 reliable TFTs. However, contaminating impurities get mixed with TFTs from a variety 
j2 of impurity sources, such as gases in the atmosphere or high pressure gas cylinders, 

glass substrates, and manufacturing apparatus such as a sputtering device. In particular, 
the contamination from a glass substrate is a serious problem, and even by using a glass 
substrate with a Na composition of 0. 1 % or lower, this reliability problem has not been 
20 solved. Therefore, a blocking film such as a silicon nitride film is formed on the 
substrate, preventing contaminating impurities contained in the glass substrate from 
diffusing, and preventing a lowering of reliability. 

However, as a result of analyzing the contaminating impurity concentration in 
a TFT, the contaminating impurity concentration of the interface between films 
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structuring the TFT is between 5 x 10^^ atoms/cm^ and 5 x 10*^ atoms/cm\ higher in 
comparison to the contaminating impurity concentration within the films (generally 1 
X 10*^ atoms/cm^ or less), identifying the cause of the reduction in TFT reliability. In 
particular, the fact that a contaminating impurity exists in the interface between a 
semiconductor film and an insulating film in contact with the semiconductor film (an 
insulating film which fimctions as a gate insulating film (hereafter referred to as a gate 
insulating film), an insulating film which fimctions as a blocking film, or an interlayer 
insulating film), or in the interface between the gate insulating film and a film which 
contacts the gate insulating film (such as the semiconductor film, a gate wiring (this 
includes a gate electrode throughout this specification), or an interlayer insulating 
film), is a major cause of the harm to TFT reliability. 

Note that the impurity concentrations throughout this specification are 
concentrations measured by performing an analysis in the depth direction by using 
secondary ion mass spectroscopy (hereafter referred to as SIMS). A SIMS analysis is 
a method in which a primary ion is irradiated onto a test sample, and a mass analysis 
is performed on secondary ions emitted from the test sample surface and from a depth 
of several angstroms. SIMS analysis is characterized by high detection sensitivity and 
the ability to analyze microscopic regions. However, an analysis using SIMS is 
performed by increasing the current density of the primary ion while sputtering the 
surface, and therefore there is a limit to the resolution ability in the depth direction. 
Therefore it is difficult to perform accurate measurements of the element concentration 
in the film interface, and SIMS analysis is actually done in succession for a first film 
and then for a second film in contact with the first film, measuring the element 
concentration in the interface between the first film and the second film, and in the 



neighboring area (to several angstroms). In the present specification, the concentration 
in the interface between the first film and the second film, and in the neighboring area 
(to several angstroms) is taken as the element concentration in the interface between 
the first film and the second film. 

An example is shown in Figs. 4 to 6B in which sodium (Na) exists in the 
interface between a gate wiring and a gate insulating film. Figs. 4 and 5 show the 
result of SIMS analysis of a TFT. A SIMS analysis result before BT processing (bias 
temperature: heating while applying a voltage) is shown in Fig. 4, and a SIMS analysis 
result after BT processing is shown in Fig. 5. Note that the minimum detection level, 
or the background level, of Na in Figs. 4 and 5 is approximately 1x10'^ atoms/cm\ 

Only one peak is observed showing the existence of Na in Fig. 4 (before BT 
processing). This is peak A seen in a location corresponding to the interface between 
the gate wiring and the gate insulating film, and the neighboring area. However, two 
peaks are observed showing the existence of Na after BT processing, as shown in Fig. 
5. One of these peaks is the peak A, also shown in Fig. 4 (before BT processing), seen 
in the location corresponding to the interface between the gate wiring and the gate 
insulating film, and the neighboring area. The other peak is apeak B seen in a location 
corresponding to the interface between the gate insulating film and a semiconductor 
film, and its neighboring area, and is not seen in Fig. 4 (before BT processing). It is 
thus understood fi-om Figs. 4 and 5 that Na moves within the gate insulating film due 
to BT processing. As a result, changes are seen in the ID-VG characteristics from 
before BT processing (solid Hne) to after BT processing (broken Hne) for both an n- 
channel TFT (shown in Fig. 6A) and a p-channel TFT (shown in Fig. 6B). This shows 
fluctuations in threshold voltage (V^h), one of parameters for evaluating TFT 



characteristic, and it shows a result in which the TFT reliability is harmed. 



SUMMARY OF THE INVENTION 

An object of the present invention is to lower the concentration of a 
contaminating impurity not only within a film for forming a TFT, but also in a film 
interface, to a level at which it does not have an influence on the reliability of a TFT. 
Another object of the present invention is to form a low cost, large screen, high 
performance semiconductor device using a TFT with increased reliability. 

Note that the above objects of the present invention are objects related to a film 
interface in which the films are not deposited in succession, and are not objects related 
to a film interface in which the films are deposited in succession. This is because 
contaminating impurities are basically not mixed into an interface between two films 
when the films are deposited in succession, and because the concentration of 
contaminating impurities in the film interface can be made on the same order as the low 
concentration of contaminating impurities within the films. However, successive film 
deposition must be performed using a successive film deposition apparatus, and cannot 
be done easily. An object of the present invention is to easily reduce the contaminating 
impurity concentration in a film interface without using a successive film deposition 
apparatus. In addition, an object of the present invention is to reduce the contaminating 
impurity concentration of a film interface which cannot be formed successively. In 
practice, if an insulating film exists on an amorphous semiconductor film, 
crystallization of the amorphous semiconductor film by annealing is difficult, and 
therefore crystallization is performed in a state in which there is no insulating film on 
the semiconductor film. The present invention can therefore be applied with the object 



of reducing the contaminating impurity concentration in the interface between the 
semiconductor film and the insulating film formed in contact with the semiconductor 
film. Furthermore, the present invention can be applied with the object of reducing the 
contaminating impurity concentration in the interface between the insulating film and 
the gate wiring, for gate insulating films and gate wirings are generally not formed in 
succession. 

In order to realize the above objects, the present invention is characterized in 
that after forming a first film, a contaminating impurity is removed from the surface of 
the first film before forming a second film on the first film, and in that the second film 
is formed on the surface of the first film from which the contaminating impurity has 
been removed as speedily as possible. In other words, the present invention is 
characterized by comprising a step of forming a first film, a step of removing a 
contaminating impurity from the surface of the first film, and a step of forming a 
second film so as to come in contact with the first film, from which the contaminating 
impurity has been removed. 

An acidic solution containing fluorine is used as an etching solution in the 
removal of the contaminating impurity from the surface of the first film in the above 
constitution, and an extremely thin (5 nm or less) surface of the first film is etched. It 
is effective to use a means of spinning the substrate by using a spinning apparatus (spin 
etcher), and scattering the etching solution contacting the film surface (also called spin 
etching or spin etch), as a means of extremely thin etching. 

The following can be used as the acidic solution containing fluorine: 
hydrofluoric acid, dilute hydrofluoric acid, ammonium fluoride, buffered hydrofluoric 
acid (a solution mixture of hydrofluoric acid and ammonium fluoride, hereafter referred 



to as BHF), FPM ( hydrofluoric acid and aqueous hydrogen peroxide), and LAL500 
(a solution mixture including ammonium hydrofluoride (NH4HF2) at 7.13% and 
ammonium fluoride (NH4F) at 15.4%), in which the composition of Na is regulated at 
0.5 ppb or lower, 0.05 ppb or lower in actual analysis. When the contaminating 
impurity in the surface of the film is thus removed by using an acidic solution 
containing fluorine, it is thought that a microscopic amount of fluorine elements remain 
in the film surface, but no influence imparted to the characteristics of the TFT is seen 
since fluorine is alkaline metal or alkaline earth metal and not a mobile element. 

The contaminating impurity concentration in the film interface of a 
semiconductor device manufactured in accordance with the above structure is within 
the noise level of the contaminating impurity concentration within the film, and the 
concentration can be regarded as approximately the same as the concentration of the 
contaminating impurity within the film. The sodium concentration within the film can 
be suppressed by using a blocking film, as low as to 2 x 10'^ atoms/cm^ or less in a 
SIMS analysis, and, depending upon the conditions, can be reduced below the 
minimum detection level or less as is currently detected, taking noise into account, to 
1x10*^ atoms/cm^ or less. Thus the contaminating impurity concentration in the film 
interface of a semiconductor device in accordance with the present invention can be 
reduced to approximately the same as the concentration of the contaminating impurity 
within the film, 2x10'^ atoms/cm^ or less, and depending upon the conditions, it can 
be reduced below the minimum detection level or less as is currently detected, taking 
noise into account, to 1 x 10'^ atoms/cm^ or less. Note that the above structure shows 
a case in which the contaminating impurity in the surface of the film is removed by an 
acidic solution containing fluorine, but other acidic solution or organic solvents which 



can remove the contaminating impurity from the film surface can also be used. 

Therefore, a semiconductor device of the present invention is characterized by 
having a first film and a second film formed in contact with the first film, in which the 
concentration of a contaminating impurity in the interface between the first film and 
the second film is 2 x 10*^ atoms/cm^ or less. 

Furthermore, another semiconductor device of the present invention is 
characterized by comprising a first film and a second film formed in contact with the 
first film, in which the concentration of a contaminating impurity within the first film, 
the concentration of the contaminating impurity within the second film, and the 
concentration of the contaminating impurity in the interface between the first film and 
the second film is 2 x 10'^ atoms/cm"* or less. 

The above structures can also be characterized in that the first film and the 
second film are a crystalline semiconductor film and an insulating film contacting the 
crystalline semiconductor film, respectively. 

Further, the above structures can also be characterized in that the first film and 
the second film are an insulating film which functions as a gate insulating film and a 
gate wiring contacting the insulating film, respectively. 

An example is shown in Fig. 7 of a SIMS analysis result performed on removal 
of a contaminating impurity in the interface between a gate insulating film and a gate 
wiring. A peak A showing the existence of Na is observed in the interface between the 
gate insulating film and the gate wiring of Fig. 7, but it can be understood that the 
concentration is considerably low at between 1x10*^ atoms/cm^ and 2x10'^ 
atoms/cm^ Note that the minimum detection of Na and the background level in Fig. 
7 are approximately 2 x lO''^ atoms/cm^ 



By using the structure of the present invention, the contaminating impurity 
concentration in the film interface can be reduced, and therefore the contaminating 
impurity concentration in SIMS analysis can be made 2x10*^ atoms/cm^ or less, and, 
depending upon the conditions, can be made 1x10'^ atoms/cm^ or less, below the 
minimum detection level or less as is currently detected, taking noise into account. 
Therefore, fluctuation in the TFT characteristics can be reduced, and the TFT 
reliability can be increased. 

The contaminating impurity in the structure of the present invention indicates 
one element or a multiple number of elements selected from among periodic table 
group 1 elements or group 2 elements. In particular, it indicates one element or a 
multiple number of elements selected from among Na, K, Mg, Ca, and Ba. Especially, 
it indicates Na. 

Further, the film in the structure of the present invention indicates a film 
formed by using all means of formation, such as plasma CVD, thermal CVD, reduced 
pressure thermal CVD, evaporation, sputtering, thermal oxidation, and anodic 
oxidation. 

In cases where a glass substrate is used as the substrate and the film surface is 
etched by immersing the substrate in an acidic solution containing fluorine (such as 
hydrofluoric acid, dilute hydrofluoric acid), although slight, the glass substrate will 
erode, and contaminating impurities within the glass substrate mix into the acidic 
solution, contaminating the acidic solution. If the surface of the films structuring the 
TFT contacts the contaminated acidic solution, then this is a source of contamination, 
and is a problem. Then for cases in which a glass substrate is used, in the present 
invention, the etching is not performed by immersion in the acidic solufion, but instead 



removal of the contaminating impurity in the film surface is performed by using a 
means of spinning the substrate using a spinning apparatus (spin etcher) and scattering 
the acidic solution contacting the film surface (also called spin etching, and spin etch). 
If spin etching is used, then etching can be performed without the contaminated acidic 
solution contacting the surface of the films structuring the TFT. Note that it is not 
always necessary to use spin etching. For example, by using a means in which the 
etching solution flows in a constant direction, it is possible to remove the 
contaminating impurity in the film surface without contaminating the film surface. 
Further, by covering the entire top, bottom, and side surfaces of the glass substrate with 
a film having acid resistance, then it is possible to prevent erosion of the substrate by 
the acidic solution, and it is also possible to prevent the acidic solution from being 
contaminated by contaminating impurities within the substrate. 

BRIEF DESCRIPTION OF THE DRAWINGS 
In the accompanying drawings: 

Figs. lA to IF are diagrams showing a process of manufacturing a TFT 
according to Embodiment 1 ; 

Figs. 2 A to 2E are diagrams showing the process of manufacturing the TFT 
according to Embodiment 1 ; 

Figs. 3A to 3C are diagrams showing the process of manufacturing the TFT 
according to Embodiment 1 ; 

Fig. 4 is a diagram showing an example of conventional SIMS analysis 

data; 

Fig. 5 is a diagram showing an example of conventional SIMS analysis 
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data; 

Figs. 6A and 6B are diagrams showing an example of conventional ID-VG 

data; 

Fig. 7 is a diagram showing an example of SIMS analysis data; 

Figs. 8A to 8D are diagrams showing a process of manufacturing a TFT 
according to Embodiment 2; 

Figs. 9A to 9D are diagrams showing the process of manufacturing the TFT 
according to 2; 

Fig. 1 0 is a cross sectional diagram showing a CMOS circuit and a pixel region 
of Embodiment 3; 

Fig. 1 1 is a top view of the pixel region of Embodiment 3; 

Fig. 12 is a perspective view showing an active matrix substrate of 
Embodiment 4; 

Fig. 13 is a circuit diagram of the EL panel of Embodiment 5; 
Figs. 14A to 14F are diagrams showing various semiconductor devices in 
Embodiment 7; 

Figs. 15A to 15D are diagrams showing various semiconductor devices in 
Embodiment 7; 

Figs. 16A to 16C are diagrams showing various semiconductor devices in 
Embodiment 7; 

Figs. 17A and 17B are a top view and a cross sectional diagram, respectively, 
of an EL display device of Embodiment 8; and 

Figs. I8A to 18C are diagrams showing the structure of a pixel region of the 
EL display device of Embodiment 9. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
The embodiments of the present invention are explained below, but of course 
the present invention is not limited to these. 

[Embodiment 1] 

Embodiment 1 of the present invention is explained by using Figs. 1 A to 3C. 
An n-channel TFT and a p-channel TFT are manufactured on the same substrate, and 
an embodiment in which an inverter circuit, a basic CMOS structure, is formed is 
explained here. 

Substrates such as a glass substrate, a plastic substrate, and a ceramic substrate 
can be used as a substrate 101. Further, a silicon substrate on whose surface an 
insulating film such as a silicon oxide film or a silicon nitride film is formed, and a 
metallic substrate, typically stainless steel, may also be used. Of course it is also 
possible to use a quartz substrate. 

A base film 102 made from a silicon nitride film, and a base film 103 made 
from a silicon oxide film are then formed on at least the surface of the substrate 101 
on which the TFTs are formed. The base films are formed by plasma CVD or 
sputtering, and are formed as blocking films in order to prevent diffusion of 
contaminating impurities which are harmful to the TFTs from the substrate 101 to a 
semiconductor film. Therefore the base film 102 made from a silicon nitride film is 
formed with a thickness of 20 to 100 nm, typically 50 nm, and in addition the base film 
103 made from a silicon oxide film is formed with a thickness of 50 to 500 nm, 
typically between 150 and 200 nm. 

Of course the base films may be formed of only one of the base film 102 made 
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from a silicon nitride film, and the base film 103 made from a silicon oxide film, or 
fomied of other insulating films such as a nitrated silicon oxide film, but considering 
TFT reliability, a two-layer structure is used in Embodiment 1 . 

It is preferable to use, as the semiconductor film formed contacting the base 
film 103, an amorphous semiconductor film formed by a film deposition method such 
as plasma CVD, reduced pressure CVD, or sputtering and a crystalline semiconductor 
film crystallized by a solid state growth method such as laser crystallization or heat 
treatment. Further, it is possible to apply a microcrystalhne semiconductor film formed 
by the above film deposition methods. Semiconductor materials which can be applied 
here include silicon (Si), germanium (Ge), silicon germanium alloy, and silicon 
carbide, and compound semiconductor materials such as gallium arsenide can also be 
used. 

An amorphous semiconductor film 1 50 is formed with a thickness of 1 0 to 1 GO 
nm, typically 50 nm. An amorphous semiconductor film, an amorphous semiconductor 
film having microcrystals, and a microcrystalhne semiconductor film can be used as 
the amorphous semiconductor film 150. Hydrogen is contained at a ratio of between 
10 and 40 atom% in an amorphous semiconductor film formed by plasma CVD, and 
therefore it is preferable to perform a heat treatment process at 400 to 500°C before 
crystallization, driving hydrogen out from within the film and reducing the contained 
hydrogen amount to 5 atom% or less. Further, the amorphous semiconductor film may 
be formed by other methods such as sputtering or evaporation, but sufficient care must 
be taken so that alkaline metals such as sodium do not mix into the film. (See Fig. 
lA) 

Furthermore, it is possible to use the same deposition method for the base films 
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and the amorphous semiconductor film, and therefore successive formation of the base 
film 102, the base film 103, and in addition, the amorphous semiconductor film 150 is 
desirable. By forming the next film without exposing the film surface to the 
atmosphere after forming each of the respective films, impurity contamination in the 
film interfaces can be prevented. As a result, one cause of the development of 
dispersion in TFT characteristics can be eliminated. Note that for cases in which the 
base films and the semiconductor film are not formed successively, it is good to remove 
contaminating impurities from the base film surface before forming the semiconductor 
film. 

A known laser crystallization technique or a known thermal crystallization 
technique may be used for a crystallization process of the amorphous semiconductor 
film 150. Further, a crystalline semiconductor film can be obtained by a thermal 
crystallization technique using a catalytic element. In addition, if a gettering process 
is carried out on a crystalline film 151 formed by a thermal crystallization technique 
using a catalytic element, and the catalytic element is removed, then superior TFT 
characteristics can be obtained. (See Fig. IB) 

When using a laser crystallization technique, a pulse emission type or a 
continuous emission type excimer laser, or a solid state laser such as a YAG laser, a 
YVO4 laser, a YLF laser, or a YAIO3 laser is used. If a laser diode excitation method 
is used for these solid state lasers, then high output, high repeatability frequency can 
be realized. The second harmonic (532 nm), the third harmonic (355 nm), and the 
fourth harmonic (266 nm) of a YAG laser, a YVO4 laser, a YLF laser, or a YAIO3 laser 
can be used. Roughly speaking, for cases in which laser light with a wavelength of 400 
nm or greater is irradiated, the inside of the semiconductor film is heated by the overlap 
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with the light penetration depth, and crystallization can occur. On the other hand, with 
wavelengths of less than 400 nm, heating is carried out from the semiconductor film 
surface and crystallization can occur. Whichever is used, crystallization is performed 
with an appropriate emission pulse number and emission energy density. 

When using a laser, a method may be used in which the laser light emitted 
from a laser emission device is condensed into a linear shape by an optical system and 
then irradiated to the semiconductor film. The crystallization conditions are 
appropriately selected by the operator, but if an excimer laser is used, the pulse 
emission frequency is set to 30 Hz, and the laser energy density is between 100 and 
400 mJ/cm^ (typically from 200 to 300 mJ/cm^). Further, if a YAG laser is used, then 
the second harmonic is used and the pulse emission frequency is set to between 1 and 
10 kHz, and the laser energy density may be from 300 to 600 mJ/cm^ (typically 
between 350 and 500 mJ/cm^). Laser light which has been condensed into a linear 
shape with a width of 100 to 1000 |im, for example 400 |im, is then irradiated on the 
entire substrate surface, and irradiation is performed with the overlap ratio of the linear 
shape laser light between 80 and 98% at this point. 

A crystalline semiconductor film 151 formed in accordance with a 
crystallization process is formed into a first island shape semiconductor film 105 and 
a second island shape semiconductor film 104 by using a first photo mask to form a 
resist mask by using a known patterning method, and then dry etching. (See Fig. 
IC) 

Removal of a contaminating impurity 155 existing in the surface of the first 
island shape semiconductor film 1 05 and in the second island shape semiconductor film 
104 is performed next. The removal of the contaminating impurity 155 is performed 



by a scattering means (also called spin etching and spin etch) using a spinner device 
(spin etcher) to spin the substrate at 600 rpm for 10 seconds, scattering an acidic 
solution containing fluorine which is dripped onto the film surface and brought into 
contact therewith. A buffered hydrofluoric acid (BHF) solution of hydrofluoric acid 
and ammonium fluoride at a mixture ratio of 1 :50 by volume is used here as the acidic 
solution containing fluorine. By using spin etching, an extremely thin film can be 
removed, and contamination of the film surface by contaminated acid solution can be 
prevented. Note that appropriate optimal settings for the conditions such as rotation 
rate of the spiimer device and spin time may be found in accordance with the substrate 
surface area, etching solution concentration, and film material. Further, 1 :50 BHF is 
used as the etching solution, but other acid solution containing fluorine such as BHF 
with a different mixture ratio and FPM can also be used. (See Fig. ID) 

A gate insulating film 106 with silicon oxide or silicon nitride as its principal 
constituent is then formed on the surfaces of the first island shape semiconductor film 
105 and the second island shape semiconductor film 104, from which the 
contaminating impurity 155 has been removed. The gate insulating film 106 is formed 
by plasma CVD or sputtering, and is formed with a film thickness of 10 to 200 nm, 
preferably fi-om 50 to 150 nm. Note that by forming the gate insulating film promptly 
after removal of the contaminating impurity 155, a low contaminating impurity 
concentration in the interface between the gate insulating film 106 and the 
semiconductor films 1 04 and 1 05 can be maintained, with a value of 2 x 1 0 atoms/cm^ 
or less. (See Fig. IE) 

Resist masks 107 and 108 are then formed covering channel forming regions 
of the second island shape semiconductor film 104 and the first island shape 
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semiconductor film 105 by using a second photo mask. A resist mask 109 may also be 
formed at this point in the region forming a wiring. 

A second valence electron control impurity region is then formed by doping 
an impurity element which imparts n-type conductivity. Impurities which impart 
conductivity are hereafter referred to as valence electron control impurities in order to 
differentiate them from contaminating impurities throughout this specification. Also, 
since the impurities are doped with intent to impart n-type or p-type conductivity, they 
may be referred to as doped impurities. Elements such as phosphorous (P), arsenic 
(As), and antimony (Sb) are known as valence electron control impurity elements 
which impart n-type conductivity into a crystalline semiconductor material, and the 
second valence electron control impurity region is formed herein by performing ion 
doping using phosphine (PH3) with phosphorous taken as the valence electron control 
impurity. Phosphorous is doped through the gate insulating film 106 and into the 
underlying semiconductor films by this process, and therefore the acceleration voltage 
is set high at 80 ke V. The concentration of phosphorous doped into the semiconductor 
films is preferably in the range of 1 x 10'^ to 1 x 10'^ atoms/cm\ and is set to 1 x 10'^ 
atoms/cm^ here. Thus regions 1 10 and 1 1 1 in which phosphorous has been doped are 
formed in the semiconductor films. A portion of the second valence electron control 
impurity region formed here fixnctions as an LDD region. (See Fig. IF) 

The resist masks are then removed. A commercially available alkaline peeling 
liquid may be used to remove the resist masks, but use of an ashing method is effective. 
An ashing method is a method in which a plasma is formed in an oxide atmosphere and 
the hardened resist is exposed to the plasma and removed, and it is effective to add 
water vapor to the atmosphere in addition to oxygen. (See Fig, 2A) 
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Removal of a contaminating impurity 156 on the surface of the gate insulating 
film 106 is performed next. Similar to the contaminating impurity removal from the 
surface of the first island shape semiconductor film 105 and from the surface of the 
second island shape semiconductor film 104, spin etching is performed for the 
contaminating impurity removal using BHF as the acidic solution containing fluorine. 
An extremely thin film can be removed, and contamination of the film surface by 
contaminated acid solution can be prevented. Other fluorine containing acidic 
solutions such as FPM can also be used here as the etching solution. (See Fig. 2B) 

A first conducting film 1 12 is then formed contacting the gate insulating film 
106, from whose surface the contaminating impurity 156 has been removed. The first 
conducting film 122 is formed using a conductive material which has an element 
selected from among Ta, Ti, Mo, and W as its principal constituent. The first 
conducting film 1 12 is formed with a thickness of 10 to 100 nm, preferably between 
150 and 400 nm. Note that by forming the first conducting film 1 12 promptly after 
removal of the contaminating impurity 156, a low contaminating impurity 
concentration in the interface between the first conducting film 1 12 and the gate 
insulating film 106 can be maintained, with a value of 2 x 10'^ atoms/cm^ or less. (See 
Fig.2C) 

In addition, the first conducting film can be formed using compound materials 
such as WMo, TaN, MoTa, and WSi, (where 2.4 < x < 2.7). 

Conductive materials such as Ta, Ti, Mo, and W have a resistivity which is 
high when compared to Al or Cu, but this does not become a problem with the surface 
area of the manufactured circuit in the range of 100 cm^, and these materials can be 
used. 



- 18- 



Resist masks 1 13 to 1 16 are formed next using a third photo mask. The resist 
mask 1 1 3 is a mask for forming a gate electrode of the p-channel TFT, and resist masks 
1 1 5 and 1 16 are a mask for forming a gate wiring and a gate bus Hne of the p-channel 
TFT. Furthermore, the resist mask 1 14 is formed covering the entire surface of the first 
island shape semiconductor layer, and is formed as a mask in order to prevent a valence 
electron control impurity from being doped in the next process. 

Unnecessary portions of the first conducting film are removed by using dry 
etching, forming a second gate electrode 1 17, a gate wiring 119, and a gate bus line 
120. An ashing process may also be performed for cases in which some residual 
remains after etching. 

The resist masks 1 13 to 1 16 are then left as is, and a process is performed to 
dope a valence electron control impurity element which imparts p-type conductivity 
into a portion of the second island shape semiconductor film 104 in which the p- 
channel TFT is formed, forming a third valence electron control impurity region. 
Boron (B), aluminum (Al), and gallium (Ga) are known as valence electron control 
impurity elements which impart p-type conductivity, and boron is doped here as the 
inject impurity element by ion doping using diborane (BsHg). The acceleration voltage 
is also set to 80 keV here, and boron is doped to a concentration of 2 x 10^° atoms/cm". 
Thus third valence electron control impurity regions 121 and 122 are formed with a 
high concentration of boron, as shown in Fig. 2D. 

After removing the resist masks formed in Fig. 2D, resist masks 123 to 125 are 
formed using a fourth photo mask. The fourth photo mask is used to form a gate 
electrode of the n-channel TFT, and a first gate electrode 126 is formed by dry etching. 
The first gate electrode 126 is formed at this point so that it overlaps with a portion of 
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the second valence electron control impurity regions 1 10 and 1 1 1 through the gate 
insulating film when seen from above. (See Fig. 2E) 

The resist masks 123 to 125 are then completely removed, after which resist 
masks 129 to 13 1 are formed from a fifth photo mask. The resist mask 130 covers the 
first gate electrode 126, and is formed so as to overlap a portion of the second valence 
electron control impurity regions 1 10 and 1 1 1 when seen from above. The resist mask 
130 is for determining the amount of offset of the LDD region. 

Further, the resist mask 130 may be used here and a portion of the gate 
insulating film may be removed, exposing the surface of the semiconductor film in 
which a first valence electron control impurity region is formed. The process of doping 
a valence electron control impurity element which imparts n-type conductivity can thus 
be effectively carried out in the next step. 

A process of doping a valence electron control impurity element which imparts 
n-type conductivity is then performed, forming the first valence electron control 
impurity region. Thus first valence electron control impurity regions 132 and 133, 
which become a source region and a drain region, are formed. Ion doping is performed 
here using phosphine (PH3). The acceleration voltage is set high at 80 keV for this 
process too in order to dope phosphorous through the gate insulating film 1 06 and into 
the underlying semiconductor layers. The phosphorous concentration of these regions 
is high when compared to the process of doping the first valence electron control 
impurity which imparts n-type conductivity, and is preferably from^ 1x10'^ and 1 x 
10^' atoms/cm\ It is set to 1x10^° atoms/cm^ here. (See Fig. 3 A) 

First interlay er insulating films 134 and 135 are then formed over the surface 
of the gate insulating film 106, the first and second gate electrodes 126 and 117, the 
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gate wiring 127, and the gate bus line 128. The first interlayer insulating film 134 
comprises silicon nitride with a thickness of 50 nm. Further, the first interlayer 
insulating film 135 comprises silicon oxide with a thickness of 950 nm. Note that it 
is preferable to perform contaminating impurity removal from the surface before 
forming the first interlayer insulating films. 

The first interlayer insulating film 134 made from the silicon nitride formed 
here is necessary in order to perform the subsequent heat treatment process. It is 
effective in preventing oxidation of the surfaces of the first and second gate electrodes 
126 and 117, the gate wiring 127, and the gate bus line 128. 

It is necessary to perform the heat treatment process in order to activate the 
valence electron control impurity elements which impart n-type conductivity or p-type 
conductivity doped at the respective concentrations. This process may be performed 
by thermal annealing using an electric heating fiimace, by laser annealing using the 
above described excimer laser, and by a rapid thermal annealing (RTA) method using 
a halogen lamp. Activation can be achieved at a low substrate heating temperature with 
laser annealing, but it is difficult to activate regions hidden under the gate electrodes. 
Therefore, the activation process is performed here by using thermal annealing. The 
heat treatment process is performed in a nitrogen atmosphere at between 300 and 
700°C, preferably between 350 and 550°C, and is performed here at 450°C for 2 
hours. 

When using a laser annealing method, a pulse emission type or a continuous 
emission type excimer, or a solid state laser such as a YAG laser, a YVO4 laser, a YLF 
laser, or a YAIO3 laser can be applied. If a laser diode excitation method is used for 
these solid state lasers, then high output, high repeatability fi-equency can be realized. 
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The second harmonic (532 nm), the third harmonic (355 nm), and the fourth harmonic 
(266 nm) of a YAG laser, a YVO4 laser, a YLF laser, or a YAIO3 laser can be used. 
Roughly speaking, for cases in which laser light with a wavelength of 400 nm or 
greater is irradiated, the inside of the semiconductor film is heated by the overlap with 
the light penetration depth, and annealing can be performed. On the other hand, with 
wavelengths of less than 400 nm, heating is carried out from the semiconductor film 
surface, and annealing can occur. Whichever is used, laser annealing is performed with 
an appropriate number of emission pulses and emission energy density. 

Between 3 and 90% hydrogen may be added to the nitrogen atmosphere in the 
heat treatment process. Further, a hydrogenation process may be performed after heat 
treatment in a 3 to 100% hydrogen atmosphere at 150 to 500°C, preferably between 
300 and 450°C, for 2 to 12 hours. Furthermore, hydrogen plasma processing may be 
preformed at a substrate temperature of 150 to 500°C, preferably from 200 to 450°C. 
Whichever is performed, the TFT characteristics can be raised by hydrogen 
compensating for defects remaining within the semiconductor films and the interfaces 
between them. 

After next forming resist masks in a predetermined shape using a sixth photo 
mask, contact holes reaching the source regions and the drain regions of the respective 
TFTs are then formed in the first interlayer insulating films 134 and 135. A second 
conducting film is then formed, and source electrodes and drain electrodes 136 to 138 
are formed by patterning using a seventh photo mask. Although not shown in the 
figures, in Embodiment 1, the second conducting film is used as a three layer structure 
of a 100 nm thick Ti film, a 300 nm thick Al film which contains Ti, and a 150 nm 
thick Ti film, formed successively by sputtering. 
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The p-channel TFT is thus formed in a self aligning manner in the gate 
electrode, and the n-channel TFT is formed in a non-self aligning manner in the gate 
electrode by the above processes. 

A channel forming region 142, first valence electron control impurity regions 
145 and 146, and second valence electron control impurity regions 143 and 144 are 
formed in the n-channel TFT of the CMOS circuit. The second valence electron 
control impurity regions here are formed with regions (GOLD regions) 143a and 144a, 
respectively, which overlap the gate electrode, and with regions (LDD regions) 143b 
and 144b, respectively, which do not overlap the gate electrode. The first valence 
electron control impurity regions 145 and 146 become source regions and drain 
regions. 

On the other hand, a channel forming region 139 and third valence electron 
control impurity regions 140 and 141 are formed in the p-channel TFT. The third 
valence electron control impurity regions 140 and 141 then become source regions and 
drain regions. (See Fig. 3B) 

Further, Fig. 3C shows a top view of the inverter circuit, and a cross sectional 
structure of the TFT section taken along the line A-A', a cross sectional section of the 
gate wiring section taken along the line B-B', and a cross sectional structure of the gate 
bus line section taken along the line C-C correspond to those in Fig. 3B. The gate 
electrode, the gate wiring, and the gate bus line are formed from the first conducting 
film in the present invention. Note that a distinction is made between the gate 
electrode, the gate wiring, and the gate bus line in Embodiment 1, but there are times 
when these are taken together as gate wirings. 

An example is shown in Figs. 1 A to 3C of a CMOS circuit made from the n- 
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channel TFT and the p-channel TFT formed in combination in a complimentary 
manner, but the present invention can also be applied to a NMOS circuit using an n- 
channel TFT, and to a pixel region of a liquid crystal display device. 

The contaminating impurity concentration in the film boundaries can be 
reduced in Embodiment 1, and therefore the concentration of harmful contaminating 
impurities can be reduced to 2 x 10*^ atoms/cm^ or less in SIMS analysis, and can be 
reduced below the minimum detection level or less as is currently detected taking noise 
into account, or 1x10^^ atoms/cm^ or less, depending upon the conditions. Therefore, 
dispersion in the TFT characteristics can be reduced, and the TFT reliability can be 
increased. 

In addition, a process of controlling the threshold voltage of the TFT by 
performing doping of a valence electron control impurity into the amorphous 
semiconductor film before the crystallization process may be added in the above 
Embodiment 1. A process of, for example, forming a controlling insulating film (100 
to 200 nm film thickness) and doping boron at a concentration in a range at which the 
threshold voltage can be controlled (between 1x10*^ and 1x10'^ atoms/cm^ in SIMS 
analysis), and then removing the controlling insulating film, can be employed as the 
process performing threshold voltage control. 

Further, an example of performing patterning of the crystalline semiconductor 
film after the crystallization process is shown in Embodiment 1, but there are no 
limitations placed upon this, and patterning may be performed, for example, before the 
crystallization process or before the doping process. 

In addition, although a top gate type TFT is shown in Embodiment las an 
example, the present invention can also be applied to a bottom gate type TFT. 
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Furthermore, removal of the contaminating impurity is performed on the 
surfaces of the semiconductor islands and the surface of the gate insulating film in 
Embodiment 1 , but contaminating impurity removal may also be applied to other areas, 
such as the surfaces of the base films or the surfaces of the interlayer insulating 
films. 

[Embodiment 2] 

Embodiment 2 of the present invention is explained using Figs. 8A to 9D. An 
embodiment of the formation of a bottom gate type TFT having an n-channel TFT and 
a p-channel TFT is explained here. 

First, a glass substrate (Coming 1737, softening point 667^C) is prepared as 
a substrate 801. A nitrated silicon oxide film 850 is then formed with a film thickness 
of 100 to 300 nm as a base film in order to increase the TFT electrical characteristics 
by preventing diffusion of contaminating impurities from the substrate. 

An example is shown here in which the nitrated silicon oxide film is formed 
on only one face of the substrate, but it is effective to form the film on both surfaces 
of the substrate, not only one. By forming the base film on both substrate surfaces, 
diffusion of contaminating impurities such as sodium from the substrate at the time of 
manufacture of a semiconductor device can be completely blocked. In addition, it is 
even more effective to cover all substrate surfaces by the base film. 

A gate wiring (including a gate electrode) 802 is then formed with a laminate 
structure (for brevity, this is not shown in the figures) on the base film 850. A tantalum 
nitride film (film thickness 50 nm) and a tantalum film (film thickness 250 nm) are 
laminated by using sputtering in Embodiment 2, and the gate wiring (including a gate 
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electrode) having a laminate structure is formed using the know patterning technique 
of photolithography. (See Fig. 8A) 

Removal of contaminating impurities 860 from the surface of the base film 850 
and from the surface of the gate wiring 802 is performed next. The removal of the 
contaminating impurity 860 is performed by a scattering means (also called spin 
etching and spin etch) using a spinner device (spin etcher) to spin the substrate at 600 
rpm for 10 seconds, scattering an acidic solution containing fluorine which is dripped 
onto the film surface and brought into contact therewith. A buffered hydrofluoric acid 
(BHF) solution of hydrofluoric acid and ammonium fluoride at a mixture ratio of 1 : 50 
by volume is used here as the acidic solution containing fluorine. By using spin 
etching, an extremely thin film can be removed, and contamination of the film surface 
by contaminated acid solution can be prevented. Note that appropriate optimal settings 
for the conditions such as rotation rate of the spinner device and spin time may be 
found in accordance with the substrate surface area, etching solution concentration, and 
film material. Further, 1 :50 BHF is used as the etching solution, but other acid solution 
containing fluorine such as BHF with a different mixture ratio and FFM can also be 
used. (See Fig. 8B) 

After removal of the contaminating impurities from the surface of the surface 
of the base film 850 and from the surface of the gate wiring 802, a gate insulating film 
803 and an amorphous semiconductor film 804 are laminated in order without exposure 
to the atmosphere. Note that by forming the gate insulating film 803 and the 
amorphous semiconductor film 804 promptly after removal of the contaminating 
impurities 860, a low contaminating impurity concentration in the interface between 
the gate wiring 802 and the gate insulating film 803 can be maintained, with a value of 

-26- 



2x10'^ atoms/cm^ or less. 

The gate insulating film 803 is made into a laminate structure gate insulating 
film in Embodiment 2 for reliability considerations, in which a silicon nitride film 803 a 
(film thickness 50 nm) and a silicon oxide film 803b (film thickness 125 nm) are 
laminated by plasma CVD. A two-layer insulating film is employed as the gate 
insulating film in Embodiment 2, but a single layer structure, or a laminate structure 
with three or more layers may also be used. Further, an amorphous silicon film is 
formed by plasma CVD and with a film thickness of 54 nm on the gate insulating film 
as the amorphous semiconductor film 804 in Embodiment 2. Note that the films are 
formed one after another without exposure to the atmosphere so that contaminating 
matter from the atmosphere does not adhere to the interface of both films. Heat 
treatment is performed next (at 500°C for 1 hour) in order to reduce the concentration 
of hydrogen, which impedes semiconductor film crystallization, within the amorphous 
semiconductor film, (See Fig. 8C) 

After the state of Fig. 8C is obtained, crystallization (laser crystallization) of 
the amorphous semiconductor film 804 is performed by irradiation of infrared light or 
ultraviolet light (laser annealing), forming a crystalline semiconductor film (a 
semiconductor film containing crystals) 805. When using ultraviolet light as the 
crystallization technique, excimer laser light or the strong light emitted from an 
ultraviolet lamp may be used. If infrared light is used as the crystallization technique, 
infrared laser light or the strong light emitted from an infrared lamp may be used. A 
linear shape beam of KrF excimer laser light is irradiated in Embodiment 2. Note that 
the irradiation conditions are: a pulse frequency of 30 Hz; an overlap ratio of 96%; and 
a laser energy density of 100 to 500 mJ/cm^ (typically between 200 and 300 mJ/cm^). 
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In Embodiment 2, 360 mJ/cm^ is used. Note also that the laser crystallization 
conditions (such as laser light wavelength, overlap ratio, irradiation strength, pulse 
width, frequency of repetition, and time of irradiation) may be appropriately set by the 
operator by considering the film thickness of the amorphous semiconductor film 804 
and the substrate temperature. Depending upon the laser crystallization conditions, 
there are cases when the semiconductor film is melted and then crystallized, and there 
are cases when the semiconductor film is not melted, but crystallized in a solid state 
or an intermediate state between a solid state and a liquid state. The amorphous 
semiconductor film 804 is crystallized by this process, forming the crystalline 
semiconductor film 805 . The crystalline semiconductor film is a polycrystalline silicon 
film (polysilicon film) in Embodiment 2. Note that a laser crystallization technique is 
used in Embodiment 2, but crystallization may also be performed by using a thermal 
crystallization technique which uses a catalytic element. 

Further, in manufacturing the crystalline semiconductor film by the laser 
crystallization method, a pulse emission type or a continuous emission type excimer 
laser, or a solid state laser such as a YAG laser, a YVO4 laser, a YLF laser, or a YAIO3 
laser can be used. If a laser diode excitation method is used for these solid state lasers, 
then high output, high repeatability frequency can be realized. The second harmonic 
(532 nm), the third harmonic (355 nm), and the fourth harmonic (266 nm) of a YAG 
laser, a YVO4 laser, a YLF laser, or a YAIO3 laser can be used. Roughly speaking, for 
cases in which laser light with a wavelength of 400 nm or greater is irradiated, the 
inside of the semiconductor film is heated by the overlap with the light penetration 
depth, and crystallization can occur. On the other hand, with wavelengths of less than 
400 nm, heating is carried out from the semiconductor film surface and crystallization 
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can occur. Whichever is used, crystaUization is performed with an appropriate number 
of emission pulses and emission energy density. 

When using a laser, a method may be used in which the laser light emitted 
from a laser emission device is condensed into a linear shape and then irradiated to the 
semiconductor film. The crystallization conditions are appropriately selected by the 
operator, but if a YAG laser is used, then the second harmonic is used and the pulse 
emission frequency is set to between 1 and 10 kHz, and the laser energy density may 
be from 300 to 600 mJ/cm^ (typically between 350 and 500 mJ/cm^). Laser light which 
has been condensed into a linear shape with a width of 100 to 1000 ^m, for example 
400 |Lim, is then irradiated on the entire substrate surface, and irradiation is performed 
with the overlap ratio of the linear shape laser light between 80 and 98% at this 
point. 

Next, a valence electron control impurity element doping process is performed 
in the crystalline semiconductor film 805 thus formed. After a valence electron control 
impurity activation process is performed, heat treatment is performed in a hydrogen 
atmosphere (at 350''C for 1 hour), hydrogenating the entire substrate body. Note that 
hydrogenation is performed by using heat treatment in Embodiment 2, but 
hydrogenation may also be performed by using a plasma hydrogenation process. Island 
shape semiconductor films are formed next by a known patterning technique as an 
active layer having a desired shape. 

A source region 815, a drain region 816, low concentration valence electron 
control impurity regions 817 and 818 in which the valence electron control impurity 
is doped at between 1 x 10'^ and 1x10'^ atoms/cm\ and a channel forming region 819 
are thus formed through the above processes in the n-channel TFT, and a source region 
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821, a drain region 822, and a channel forming region 820 are thus formed in the p- 
charmel TFT, The low concentration valence electron control impurity regions 817 and 
818 of the n-channel type TFT are each formed here with a region (GOLD region) 
which overlaps the gate electrode, and with a region (LDD region) which does not 
overlap the gate electrode, when seen from above. (See Fig. 9A) 

Removal of contaminating impurities 86 1 is carried out from the surface of the 
island shape semiconductor films. Similar to the contaminating impurity removal from 
the surface of the base film 850 and from the surface of the gate wiring 802, the 
contaminating impurity 861 is removed by spin etching using BHF as the acidic 
solution containing fluorine. An extremely thin film can be removed, and 
contamination of the film surface by contaminated acid solution can be prevented. 
Other fluorine containing acidic solutions such as FPM can also be used here as the 
etching solution. (See Fig. 9B) 

An interlayer insulating film 823 with a laminate structure of a silicon oxide 
film with a 100 nm film thickness formed by plasma CVD and a silicon oxide film with 
a film thickness of 940 nm formed by using TEOS and oxygen (O2) as raw material 
gasses, is formed, covering the island shaped semiconductor films from which the 
contaminating impurities have been removed. Note that by forming the interlayer 
insulating film 823 promptly after removal of the contaminating impurity 861, a low 
contaminating impurity concentration in the interface between the island shape 
semiconductor films and the interlayer insulating film 823 can be maintained, with a 
value of 2 x 10'^ atoms/cm^ or less. (See Fig. 9C.) 

Contact holes are then formed, source wirings 824 and 826, and drain wirings 
825 and 827 are formed, and the state shown in Fig. 9D is obtained. Finally, heat 
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treatment is performed in a hydrogen atmosphere, hydrogenating the entire substrate 
body, and completing the formation of the n-channel TFT and the p-channel TFT. This 
hydrogenation may be performed using a plasma hydrogenation process. 

Note that the process order may be changed in Embodiment 2, and 
crystallization may be performed after patterning of the amorphous semiconductor 
film. 

Further, doping of the valence electron control impurity into the amorphous 
semiconductor film may be performed before crystallization, and TFT threshold 
voltage control may also be performed. 

The contaminating impurity concentration in the film interface can be reduced 
in Embodiment 2, and therefore the concentration of harmful contaminating impurities 
can be reduced to 2 x 10'^ atoms/cm^ or less in SIMS analysis, and, depending upon the 
conditions, can be reduced to 1 x 10*^ atoms/cm^ or less, or the minimum detection 
level or less as is currently detected taking noise into account. Therefore, dispersion 
in the TFT characteristics can be reduced, and the TFT reliability can be increased. 

[Embodiment 3] 

In Embodiment 3, an example is shown in Figs. 10 and 1 1 of a liquid crystal 
display device equipped with an n-type TFT and a p-type TFT manufactured in 
accordance with Embodiment 1 above. The semiconductor device of Embodiment 3 
is equipped with a circuit in which CMOS circuits and a pixel region are arranged in 
a matrix state on the same substrate. 

A cross sectional diagram of the semiconductor device of Embodiment 3 is 
shown in Fig. 10. In consideration of reliability, the TFTs are formed over a base film 
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1 102 formed on a substrate 1101 in Embodiment 3. 

The CMOS circuit shown in the left side of Fig. 10 is called an inverter circuit, 
and is a basic circuit structuring the semiconductor circuit. By combining these types 
of inverter circuits, a more complex logic circuit structure can be made. 

The p-channel TFT of the CMOS circuit is formed with a channel forming 
region 1 1 54, and third valence electron control impurity regions 1155 and 1 1 56. Boron 
is doped at a concentration of 2 x 1 0^^ atoms/cm^ into the third valence electron control 
impurity regions 1 155 and 1 156. 

On the other hand, the n-channel TFT of the CMOS circuit is formed with a 
chaimel forming region 1 1 57, first valence electron control impurity regions 1 160 and 
1161 into which phosphorous is doped at a concentration of 1 x 10^^ to 1 x 10^' 
atoms/cm-^, and second valence electron control impurity regions 1158 and 1159. The 
second valence electron control impurity regions 1158 and 1 159 are formed with 
regions (GOLD regions) 1 1 58a and 1 1 59a, respectively, which overlap a gate electrode 
1131, and regions (LDD regions) 1158b and 1 1 5 9b, respectively, which do not overlap 
the gate electrode 1131. 

The n-channel TFT formed in the pixel region is formed with channel forming 
regions 1 162 and 1 163, first valence electron control impurity regions 1 168, 1 169, and 
1145, second valence electron control impurity regions 1 164 to 1 167, and offset 
regions 1 180 to 1 183. The first valence electron control impurity regions are regions 
doped with phosphorous at a concentration of 1 x 10'^ to 1 x 10^' atoms/cm\ and the 
second valence electron control impurity regions are low concentration regions in 
which the valence electron control impurity concentration is lower than that of the first 
valence electron control impurity regions. Phosphorous is doped into the second 
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valence electron control impurity regions at a concentration of 1 x 10'^ to 1 x 10'^ 
atoms/cm^ A multi-gate structure is employed in the pixel region in order to reduce 
dispersion in the off current, and an offset structure is employed in order to reduce the 
leak current. The structure is therefore one in which the second valence electron 
control impurity regions do not overlap the gate electrode. In the drain side, a low 
concentration valence electron control impurity region 1 170, a gate insulating film 
1 160, and a storage capacitor electrode 1171 doped with a valence electron control 
impurity element which imparts n-type conductivity at the same concentration as in the 
second valence electron control impurity regions are formed, and a storage capacitor 
formed in the pixel region is formed. 

First interlayer insulating films 1 147 (a silicon nitride film with a thickness 
of 50 nm) and 1 148 (a silicon oxide film with a thickness of 950 nm), source electrodes 
1149to 1151, drain electrodes 1152and 1153, a passivation film 1401 (a silicon nitride 
film with a thickness of 50 nm), a second interlayer insulating film 1402 (an organic 
resin film with a thickness of 1000 nm), a third interlayer insulating film 1404, and a 
pixel electrode 1405 (an indium tin oxide (ITO) film with a thickness of 100 nm) are 
then formed. 

Materials such as polyimide, acrylic, and polyimide amine can be used as the 
organic resin film used in the second interlayer insulating film 1402. The following 
can be given as the advantages of using an organic resin film: simple deposition 
method; the reduced parasitic capacity because the specific dielectric constant is low; 
and superior levelness. Note that organic resin films other than those stated above can 
also be used. A polyimide which is thermally polymerized after application to the 
substrate is used here. 
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Fig. 1 1 is a top view of the pixel region, and is a top view of approximately one 
pixel. N-channel TFTs are formed in the pixel region. A gate electrode 1702 formed 
successively with a gate wiring 1703 intersects, through a gate insulating film not 
shown in the figures, with a semiconductor layer 1701 below the gate insulating film. 
A source region, a drain region, and a first valence electron control impurity region are 
formed in the semiconductor layer, although not shown in the figures. Further, a 
storage capacitor 1707 is formed in the drain side of the pixel TFT from the 
semiconductor layer, the gate insulating film, and an electrode made from the same 
material as the gate electrode. Furthermore, the cross sectional structures shown in Fig. 
1 1 taken along the lines A-A' and B-B' correspond to those in the cross sectional 
diagram of the pixel region shown in Fig. 10. 

A double gate structure is used for the pixel TFT in Embodiment 3, but a single 
gate structure may also be used in order to increase the aperture ratio, and a multi-gate 
structure such as a triple gate structure may also be used in order to reduce dispersions 
in the off current. The structure of the active matrix substrate of Embodiment 3 is not 
limited on the structure shown in Embodiment 3 . The structure of the present invention 
is characterized by a gate electrode structure, and a source region, a drain region, and 
other valence electron control impurity regions formed in a semiconductor layer formed 
through a gate insulating film. Other structure may be suitably determined by the 
operator. 

Furthermore, a transmission type LCD is manufactured as one example in 
Embodiment 3, but there are no limitations placed on this. For example, it is possible 
to manufacture a reflective type LCD by using a metallic material having reflecting 
characteristics as the pixel electrode material, and then by suitably changing the pixel 
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electrode patterning or adding / eliminating some of the processing steps. 

Note that the manufacture method of Embodiment 1 is employed in 
Embodiment 3, and therefore the contaminating impurity concentration (Na 
concentration) in the interface between the semiconductor film and the gate insulating 
film 1 160, and in the interfaces between the gate insulating film 1 160, the gate 
electrode, the gate wiring, the gate bus line, and the storage capacitor electrodes can 
be reduced. The contaminating impurity concentration in each of the film interfaces 
can be reduced to 2 x 10*^ atoms/cm^ or less in SIMS analysis, and depending upon the 
conditions, can be reduced to 1 x 10'^ atoms/cm^ or less, or the minimum detection 
level or less as is currently detected taking noise into account. Note that by combining 
the manufacture method of Embodiment 2, the contaminating impurity removal process 
can be applied to other film interfaces in which it is necessary to reduce the 
contaminating impurity concentration. Dispersion in the TFT characteristics can be 
reduced, and the TFT reliability can be increased, in Embodiment 3. 

[Embodiment 4] 

In Embodiment 4, an example of a liquid crystal display device manufactured 
in accordance with the present invention is shown in Fig. 12. Known pixel TFT (pixel 
switching element) manufacturing methods and known means of cell assembling may 
be used, so a detailed explanation of those areas is omitted. 

Fig. 12 is a schematic diagram of an active matrix type liquid crystal panel of 
Embodiment 4. As shown in Fig. 12, an active matrix substrate and an opposing 
substrate face each other, and a liquid crystal is sandwiched between the substrates. 
The active matrix substrate has a pixel region 1001, a scanning line driver circuit 1002, 
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and a signal line driver circuit 1003 formed over a glass substrate 1000. 

The scanning line driver circuit 1002 and the signal line driver circuit 1003 are 
connected to the pixel region 1001 by a scanning line 1030 and a signal line 1040, 
respectively. The driver circuits 1002 and 1003 are mainly structured by CMOS 
circuits. 

The scaiming line 1030 is formed for each row of the pixel region 1001, and 
the signal line 1040 is formed for each column. A pixel TFT 810 is formed near the 
intersection of the scaiming line 1030 and the signal line 1040. A gate electrode of a 
pixel TFT 1010 is connected to the scanning line 1030, and a source thereof is 
connected to the signal line 1040. In addition, a pixel electrode 1060 and a storage 
capacitor 1070 are connected to a drain of the gate electrode. 

An opposing substrate 1080 is a glass substrate in which a transparent 
conductive film such as an ITO film is formed over the entire surface. The transparent 
conductive film is an opposing electrode for the pixel electrode 1 060 of the pixel region 
1001, and drives the liquid crystal material in accordance with an electric field formed 
between the pixel electrode and the opposing electrode. If necessary, an orientation 
film, a black matrix, and a color filter are formed in the opposing substrate 1080. 

IC chips 1032 and 1033 are attached on the face of the glass substrate of the 
active matrix substrate side in which an FPC 103 1 is attached. The IC chips 1032 and 
1033 are structured by forming circuits such as a video signal process circuit, a timing 
pulse generator circuit, a y compensation circuit, a memory circuit, or an arithmetic 
circuit on a silicon substrate. 

Further, liquid crystal display devices which can be manufactured using the 
present invention can be either transmitting type or reflecting type. The operator may 
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freely select which type. It is thus possible to apply the present invention for all kinds 
of active matrix type electrooptical device (semiconductor device). 

Note that in manufacturing the semiconductor device shown in Embodiment 
4, the constitutions of Embodiments 1 to 3 may be employed, and that it is possible to 
freely combine the Embodiments. 

[Embodiment 5] 

It is possible to apply the present invention to an active matrix type EL display 
device. An example is shown in Fig. 13. 

Fig. 13 is a circuit diagram of an active matrix type EL display device. 
Reference numeral 8 1 denotes a display region, and an x-direction peripheral driver 
circuit 82 and a y-direction peripheral driver circuit 83 are formed in the periphery of 
the display region 8 1 . Further, each pixel of the display region 8 1 has a switching TFT 
84, a capacitor 85, a current control TFT 86, and an organic EL element 87. An x- 
direction signal line 88a (or 88b) and a y-direction signal line 80a (or 80b or 80c) are 
connected to the switching TFT 84. In addition, power source lines 89a and 89b are 
connected to the current control TFT 86. 

Note that the constitution of any of Embodiments 1 to 3 may be combined with 
the active matrix type EL display device of Embodiment 5. 

[Embodiment 6] 

It is possible to apply the present invention to all general convention IC 
technology. In other words, the present invention can be applied to all semiconductor 
circuits currently distributed in the marketplace. For example, the present invention 
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may be applied to microprocessors such as a RISC processor or an ASIC processor 
integrated on one chip, and it may be applied to signal processing circuits, typically 
liquid crystal driver circuits (such as a D/A converter, a y compensation circuit, or a 
signal divider circuit), and to high frequency circuits used in portable equipment (such 
as a mobile telephone, a PHS, or a mobile computer). 

Furthermore, semiconductor circuits such as a microprocessor are loaded into 
many kinds of electronic equipment, and function as the nerve center circuit. Personal 
computers, portable information terminals, and all household appliances can be given 
as typical electronic equipment. Further, computers for controlling an vehicle (such 
as an automobile or train) can also be given. It is possible to apply the present 
invention to semiconductor devices such as these. 

[Embodiment 7] 

A CMOS circuit and a pixel matrix circuit formed through carrying out the 
present invention may be applied to various electrooptical devices (active matrix type 
liquid crystal displays, active matrix type EL displays, active matrix type EC displays). 
Namely, the present invention may be embodied in all the electronic equipments that 
incorporate those electrooptical devices into display units. 

As such an electronic equipment, a video camera, a digital camera, a projector 
(rear-type or front-type projector), a head mount display (goggie-type display), a 
navigation system for vehicles, a stereo for vehicles, a personal computer, and a 
portable information terminal (a mobile computer, a cellular phone, or an electronic 
book, etc.) may be enumerated. Examples of those are shown in Figs. 14A to 16C. 

Fig. 14A shows a personal computer comprising a main body 2001, an image 
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inputting unit 2002, a display unit 2003, and a key board 2004 and the like. The 
present invention is applicable to the image inputting unit 2002, the display unit 2003, 
and other signal control circuits. 

Fig. 14B shows a video camera comprising a main body 2101, a display unit 
2102, a voice input unit 2103, operation switches 2104, a battery 2105, and an image 
receiving unit 2 1 06 and the like. The present invention is applicable to the display unit 
2102 and other signal control circuits. 

Fig. 14C shows a mobile computer comprising a main body 2201, a camera 
unit 2202, an image receiving unit 2203, an operation switch 2204, and a display unit 
2205 and the like. The present invention is applicable to the display unit 2205 and 
other signal control circuits. 

Fig. 14D shows a goggle-type display comprising a main body 2301, a display 
unit 2302 and arm portions 2303 and the like. The present invention is applicable to 
the display unit 2302 and other signal control circuits. 

Fig. 14E shows a player that employs a recoding medium in which programs 
are recorded (hereinafter referred to as recording medium), and comprises a main body 
2401, a display unit 2402, a speaker unit 2403, a recording medium 2404, and an 
operation switch 2405 and the like. Incidentally^ this player uses as the recoding 
medium a DVD (digital versatile disc), a CD and the like to serve as a tool for enjoying 
music or movies, for playing video games and for connecting to the Internet. The 
present invention is applicable to the display unit 2402 and other signal control 
circuits. 

Fig. 14F shows a digital camera comprising a main body 2501, a display unit 
2502, an eye piece section 2503, operation switches 2504, and an image receiving unit 
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(not shown) and the like. The present invention is applicable to the display unit 2502 
and other signal control circuits. 

Fig. 15A shows a front-type projector comprising a projection device 2601, a 
screen 2602 and the like. The present invention is applicable to a liquid crystal display 
5 device 2808 that constitutes a part of the projection device 2601 and other signal 
control circuits. 

Fig. 15B shows a rear-type projector comprising a main body 2701, a 
projection device 2702, a mirror 2703, and a screen 2704 and the like. The present 
invention is applicable to the liquid crystal display device 2808 that constitutes a part 
j^lO of the projection device 2702 and other signal control circuits, 
y Fig. 15C is a diagram showing an example of the structure of the projection 

ftj devices 2601 and 2702 in Figs. 15A and 15B. The projection device 2601 or 2702 

i ^ t 

y comprises a light source optical system 280 1 , mirrors 2802 and 2804 to 2806, dichroic 

^3 mirrors 2803, a prism 2807, liquid crystal display devices 2808, phase difference plates 

'^15 2809, and a projection optical system 2810. The projection optical system 2810 
S consists of an optical system including a projection lens. This embodiment shows an 

example of "three plate type", but not particularly limited thereto. For instance, the 
invention may be applied also to "single plate type". Further, in the light path indicated 
by an arrow in Fig. 15C, an optical system such as an optical lens, a film having a 
20 polarization function, a film for adjusting a phase difference and an IR film may be 
provided on discretion of a person who carries out the invention. 

Fig. 15D is a diagram showing an example of the structure of the light source 
optical system 2801 in Fig. 15C. In this embodiment, the light source optical system 
2801 comprises a reflector 281 1, light source 2812, lens arrays 2813 and 2814, a 
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polarization conversion element 2815, and a condenser lens 2816. The light source 
optical system shown in Fig. 1 5D is an example thereof, and is not particularly limited. 
For instance, on discretion of a person who carries out the invention, the light source 
optical system may be provided with an optical system such as an optical lens, a film 
having a polarization function, a film for adjusting the phase difference and an IR film. 

The projector shown in Fig. 15 shows the case in which the electrooptical 
device of transmission type is employed and an application example using the 
electrooptical device of reflective type and the EL display device is not illustrated. 

Fig. 16A is a cellular phone that is composed of a main body 2901, a voice 
output unit 2902, a voice input unit 2903, a display unit 2904, operation switches 2905, 
and an antenna 2906 and the like. The present invention can be applied to the voice 
output unit 2902, the voice input unit 2903 and the display unit 2904 and other signal 
control circuits. 

Fig. 16B shows a portable book (electronic book) that is comprised of a main 
body 3001, display units 3002 and 3003, a memory medium 3004, an operation switch 
3005 and an antenna 3006 and the like. The present invention can be applied to the 
display units 3002 and 3003 and other signal circuits. 

Fig. 16C shows a display that is comprised of a main body 3101, a support 
base 3 102 and a display unit 3 103 and the like. The present invention can be applied 
to the display unit 3103. The display according to the present invention is 
advantageous in the case where the display is particularly large-sized and in the case 
where the display is 10 inches or more in an opposite angle (particularly 30 inches or 
more). 

As described above, the present invention has so wide application range that 
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it is applicable to electronic equipments in any field. In addition, the electronic 
equipments of this embodiment may be realized with any construction obtained by 
combining Embodiments 1 through 6. 

[Embodiment 8] 

An explanation of an example of the manufacture of an active matrix type EL 
(electro-luminescence) display device using the present invention is given in 
Embodiment 8. Fig. 17A is a top view of an EL display device using the present 
invention, and Fig. 17B is its cross sectional diagram. 

In Fig. 1 7A reference numeral 400 1 denotes a substrate, 4002 denotes a pixel 
region, 4003 denotes a source side driver circuit, and 4004 denotes a gate side driver 
circuit. Each of the drive circuits is lead to an FPC (flexible printed circuit) 4006 
through a wiring 4005, and thus connected to external equipment. 

A first sealing material 4 1 0 1 , a covering material 4 1 02 , a filling material 4103, 
and a second sealing material 4104 are formed at this point, surrounding the pixel 
region 4002, the source side driver circuit 4003, and the gate side driver circuit 
4004. 

In addition. Fig. 17B corresponds to the cross sectional structure of the EL 
display device of Fig. 17A cut along the line A- A'. A driver TFT (however, a CMOS 
circuit combining an n-channel type TFT and a p-channel type TFT is shown here) 
4201 contained in the source side driver circuit 4003, and a pixel TFT (however, a TFT 
for controlling the current to an EL element is shown here) 4202 contained in the pixel 
region 4002, are formed over the substrate 4001. 

A TFT with the same structure as the CMOS circuit of Fig. 10 is used in 
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Embodiment 8 in the driver TFT 4201 . Further, a TFT with the same structure as the 
pixel region of Fig. 10 is used in the pixel TFT 4202. 

An interlayer insulating film (planarizing film) 4301 comprises resin material 
on the driver TFT 4201 and on the pixel TFT 4202, and a pixel electrode (cathode) 
4302 for electrically connecting to the drain of the pixel TFT 4202 is formed on top. 
A conductive film having light shielding characteristics (typically a conductive film 
having aluminum, copper, or silver as its principal constituent, or a laminate film of 
these films) can be used as the pixel electrode 4302. An aluminum alloy is used as the 
pixel electrode in Embodiment 8. 

An insulating film 4303 is then formed on the pixel electrode 4302, and an 
open section is formed in the insulating film 4303 over the pixel electrode 4302. An 
EL (electroluminescence) layer 4304 is formed on the pixel electrode 4302 in the open 
section. Known organic EL materials or inorganic EL materials can be used as the EL 
layer 4304. Further, low molecular weight materials (monomers) and high molecular 
weight materials (polymers) exist as organic EL materials, and either may be used. 

A known technique may be used as the formation method of the EL layer 4304. 
Further, the structure of the EL layer may be a single layer structure, or a laminate 
structure of the following freely combined: hole injection layer, hole transport layer, 
light emitting layer, electron transport layer, electron injection layer. 

An anode 4305 is formed from a transparent conductive film on the EL layer 
4304. A compound material of indium oxide and tin oxide, or a compound material 
of indium oxide and zinc oxide can be used as the transparent conductive film. It is 
preferable to remove as much as possible of the moisture and oxygen existing in the 
interface between the anode 4305 and the EL layer 4304. Therefore, it is necessary to 
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form the EL layer 4304 and the anode 4305 inside a vacuum by successive film 
deposition, or to form the EL layer 4304 in a nitrogen or rare gas atmosphere and then 
form the anode 4305 without exposure to oxygen and moisture. It is possible to 
perform the above film deposition in Embodiment 8 by using a multi-chamber system 
(cluster tool system) film deposition device. 

In a region denoted by reference numeral 4306, the anode 4305 is electrically 
connected to the wiring 4005. The wiring 4005 is a wiring to impart a given voltage 
to the anode 4305, and is electrically connected to the FPC 4006 through a conductive 
material 4307, 

The EL element made up of the pixel electrode (cathode) 4302, the EL layer 
4304, and the anode 4305 is thus formed as above. The EL element is surrounded by 
the covering material 4102 attached to the substrate 4001 by the first sealing material 
4101 and the second sealing material 4104, and is then sealed up by the filling material 
4103. 

A glass plate, an FRP (fiberglass-reinforced plastic) plate, a PVF (polyvinyl 
fluoride) film, a Mylar film, a polyester film, and an acrylic film can be used as the 
covering material 4 102. In the case of Embodiment 8, the light emission direction from 
the EL element is toward the covering material 4 1 02, and therefore a material with light 
transmitting characteristics is used. 

However, it is not necessary to use a material with light transmitting 
characteristics for cases in which the light emission direction from the EL element is 
in the opposite direction from the covering material. A metallic plate (typically a 
stainless steel plate), a ceramic plate, or a sheet having a structure in which an 
aluminum foil is sandwiched by PVF films or Mylar films can be used. 
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An ultraviolet cured resin or a thermally curable resin can be used as the filling 
material 4103, and PVC (polyvinyl chloride), acrylic, polyimide, epoxy resin, silicon 
resin, PVB (polyvinyl butyral), or EVA (ethylene vinyl acetate) can be used. If a 
substance absorbing moisture (preferably barium oxide) is placed on the inside of the 
filling material 4103, then degradation of the EL element may be suppressed, and this 
is preferable. Note that a transparent material is used in Embodiment 8 so that light 
from the EL element can pass through the filling material 4103. 

Further, spacers may be included within the filling material 4103. The spacers 
may be formed from barium oxide, giving the spacers themselves the ability to absorb 
moisture. Furthermore, when spacers are formed, a resin film formed on the anode 
4305 is effective as a buffer layer in relieving pressure from the spacers. 

The wiring 4005 is electrically connected to the FPC 4006 through the 
conductive material 4307. The wiring 4005 transmits the signals sent from the pixel 
region 4002, from the source side driver circuit 4003, and from the gate side driver 
circuit 4004 to the FPC 4006, and an electrical connection to external equipment is 
provided by the FPC 4006. 

Further, the second sealing material 4104 is formed to cover the exposed 
portion of the first sealing material 4101 and a portion of the FPC 4006 in Embodiment 
8, a structure which thoroughly shields the EL element from the atmosphere. Thus the 
EL display device with the cross sectional structure of Fig. 17B is formed. Note that 
the EL display device of Embodiment 8 may be manufactured by using a combination 
of the constitutions of any of Embodiments 1 to 7. 



[Embodiment 9] 
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In Embodiment 9, examples of pixel structures are shown in Fig. 18A to 18C 
which can be used in the pixel region of the EL display device shown in Embodiment 
8. Note that reference numeral 440 1 denotes a source wiring of a switching TFT 4402, 
reference numeral 4403 denotes gate wirings of the switching TFT 4402, reference 
5 numeral 4404 denotes a current control TFT, 4405 denotes a capacitor, 4406 and 4408 
denote current supply lines, and 4407 denotes an EL element.. 

Fig. 18A is an example of a case with the current supply line 4406 common 
between two pixels. In other words, this is characterized by two pixels being formed 
with linear symmetry around the current supply line 4408. In this case, the number of 
10 current supply lines can be reduced, and therefore the pixel region can be made even 
J^i higher definition. 

fil 

m In addition, Fig. 1 8B is an example of a case with the current supply line 4408 

\M formed parallel to the gate wirings 4403. Note that the structure of Fig. 18B is one in 

which the current supply line 4408 is formed so as not to overlap with the gate wirings 
15 4403, but if both wirings are formed on different layers, then they can be formed 
i5 overlapping through an insulating film. In this case, the area exclusively possessed by 

the current supply line 4408 and the gate wirings 4403 can be shared, and therefore the 
pixel region can be made even more high definition. 

Furthermore, Fig. 1 8C is characterized in that the current supply line 4408 and 
20 the gate wirings 4403 are formed in parallel, similar to the structure of Fig. 18B, and 
in addition, two pixels are formed with linear symmetry around the current supply line 
4408. In addition, it is effective to form the current supply line 4408 so that it overlaps 
with one of the gate wirings 4403. In this case, the number of current supply lines can 
be reduced, and the pixel region can be made even more high definition. 
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By using the structure of the present invention, not only can the concentration 
of contaminating impurities within films structuring a TFT be reduced, but the 
contaminating impurity concentration in film interfaces can also be reduced, and 
therefore fluctuation of TFT characteristics can be made smaller and the TFT reliabiHty 
can be increased. 
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